Two hundred and seventy Gram-negative strains, representing aquatic members of the genus Acinetobacter, were isolated and compared with 48 related clinical isolates and reference strains from a variety of genera. For each isolate, a total of 96 coded characters derived from 89 characteristics was determined using morphological, physiological, nutritional and biochemical features, in addition to sensitivities to several antibiotics and inhibitory agents. The data were analysed by computer to obtain a simple matching coefficient for each pair of strains. Clustering was performed by the unweighted pair-group method of association.
INTRODUCTION
Organisms corresponding to the general description of Gram-negative, aerobic, nonmotile cocci or coccobacilli have been classified by various authors as Diplococcus, Neisseria, Mima, Herellea , Moraxella, Bacterium, Achromobacter, Alcaligenes and, most recently, Acinetobacter. [See Henriksen (1973) for an extensive literature review.] Although their potential for pathogenicity appears to be low, such bacteria are evidently opportunistic, capable of causing severe and even fatal infections when resistance is lowered. Most reported isolations have been of human origin, including skin (Brodie & Henderson, 1964) , saliva (Shklair, 1969 , urine (Rosebury, 1962 , cerebral spinal fluid (Billing, 1955) and the genitourinary system (Samuels et al., 1972) . Some of the major diseases in which such bacteria have been implicated include meningitis (Olafsson, Lee & Abernathy, 1958; Burrows & King, 1966 ; Taindel, Oproiu & Burlacu, 1971) , ' therapy-resistant gonorrhoea' (Samuels et al., 1972), brain abscesses (Opsahl, 1961) , vaginal infections (Langhof & Franken, 1964) and ear infections (Goldberg, Ronis & Ronis, 1966) . In many cases, infections occurred after such predisposing factors as extensive antibiotic treatment, malignancies (Henriksen, 1g73), immunosuppression, or use of respirators (Reinarz, 1965 
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Isolations have also been reported from soil and water (Baumann, 1968; Warskow & Juni, 1972) . Bennett (1969) reported that Acinetobacter spp. constituted 2 1 % of the heterotrophic bacterial population in Lake Ontario and Lake Superior. Seyfried (1973) observed that the Acinetobacter density had increased to 39 % in Lake Ontario. A high level of correlation (P < 0.001) between the incidence of this genus and the level of faecal pollution in Lake Ontario was noted by both workers.
Much of the literature concerning this group of organisms is difficult to interpret due to confusion over its nomenclature and lack of a widely accepted classification scheme. In 1962 the International Committee on Nomenclature of Bacteria (ICNB, now known as International Committee on Systematic Bacteriology, ICSB) appointed an ad hoc committee to study the taxonomic status and nomenclature of the genus Moraxella, the species Bacterium anitratum, the tribe Mimeae and other apparently related organisms. Four years later this ad hoc committee was designated the Subcommittee on Moraxella and Allied Bacteria. In 1971 the ICSB (Judicial Commission, 1971) decided to include all oxidase-negative Moraxella in the genus Acinetobacter with only one species, calcoaceticus (Beijerinck, 191 I) . This genus and the remaining members of the genus Moraxella were temporarily assigned to the family Neisseriaceae for practical purposes. Since then, extensive transformation studies (Juni, 1972; Brooks & Sodeman, 1974) have shown little, if any, relationship between Acinetobacter and the oxidase-positive Moraxella and Neisseria.
In view of the lack of research on aquatic strains of Acinetobacter, their possible role in water pollution and the unsatisfactory nature of the present classification system, further studies seemed appropriate. Our aim was to characterize and compare a collection of acinetobacters, isolated from various bodies of water in southern Ontario, with related clinical and reference strains by use of numerical taxonomy. From the results obtained, we hoped to formulate a workable diagnostic key which would take into account the aquatic strains which do not conform well to the existing system of classification.
METHODS
Strains. Twenty-two sites were sampled from rivers and lakes within a Ioo-mile radius of Toronto and samples were plated using membrane filtration technique. Two hundred and seventy Gram-negative, non-motile, aerobic cocci or coccobacilli were isolated from plates of Trypticase Soy Agar (TSA; BBL): these were all designated by numbers with PS prefixes. A single strain isolated from hen manure was also included in this study.
Clinical isolates, detailed in Table I , were obtained mainly from the Ontario Public Health Laboratory at Toronto.
Twenty-one reference strains from culture collections ( Table 2) were included as 'marker strains ' for the interpretation of clusters derived from the computer analysis.
Duplicate cultures of each isolate were maintained at 4 "C on TSA slants in screw-capped tubes and subcultured every 2 months. Unless otherwise specified, all tests (listed in Table 3) were inoculated by loop from an 18 h TSA culture and incubated at 25 "C. Results were recorded after 24 and 48 h, and again after one week.
Morphological studies. triphenyltetrazolium chloride (Kun & Abood, 1949) . Doubtful results were checked in a hanging drop preparation from a similarly grown culture. Colonial characteristics which proved to be reproducible (consistency and pigment) were recorded after incubation for 48 h on TSA. PhysioZogical studies. All strains were tested for the ability to grow at 37 "C on TSA after one week of incubation. The effect of initial pH was observed using TSA slants adjusted to pH 5-1,5.6, I 1.0, I 1.6 and 12-2 (Rhodes, 1959) . Sodium chloride was incorporated into TSA at concentrations (%, w/v) of 2.0, 3.0, 354.0 and 5.0 in order to assess salt tolerance. The effects of initial pH and of NaCl concentration were recorded after 48 h and again a.fter one week. Anaerobiosis was obtained using jars with Gas-Paks (BBL), and growth on TSA was observed after 48 h under these conditions. Antibiotic sensitivity testing. Sensitivity to the antibiotics listed in Table 3 was measured with the aid of a multiple inoculating machine (Bio. Tech. Co., Lynden, Ontario, Canada) following the ' Routine Sensitivity Method' of the Hospital for Sick Children, Toronto. Seed cultures were incubated for 4 h in TSB before being used to inoculate two sets of master plates. Four control cultures with known antibiograms were included with each run.
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Resistance to inhibitory agents. The effect of sodium lauryl sulphate on growth was determined by incorporating the detergent at a concentration of 0.1 % (w/v) into TSA. Taxonomy of aquatic Acinetobacter isolates Table 3) . The concentrations chosen were judged to be low enough to avoid the problem of false negative results due to toxicity, or false positive results caused by the presence of utilizable organic contaminants. Phenol was incorporated at 0.025 % (w/v) to avoid the toxic effects noted by Stanier, Palleroni & Doudoroff (1966) at concentrations of 0.05 % and above. The basal medium was prepared as suggested in the Manual of Microbiological Methods (1957) with added agar (1.5 %, wlv) and phenol red (I -8 ml per litre of a I -0 %, w/v, aqueous solution). The pH was adjusted to 7-2 with NaOH.
Arabinose, glucose, lactose and gluconate were sterilized separately by Seitz-filtration and then added to the autoclaved basal medium. Plates containing 25 ml medium were inoculated using the replica plating method of Lederberg & Lederberg (1952) allowing 10 strains per plate. In this way, it was hoped that problems such as substrate exhaustion due to overcrowding, effects of bacterial toxins or enzymes, or starvation of slower growing colonies could be avoided. The master plates of TSA were incubated for 18 h. At the end of each test series, a TSA plate was replica plated to check for successful growth and the presence of any contaminants. Growth and pH changes were recorded after 24 and 48 h.
Scoring of growth was done visually and was judged negative if growth was no greater than on a control plate of basal medium with no added carbon source, or positive if the growth was significantly greater than on the control plate. Doubtful results were checked by inoculating singly on fresh plates, where growth could not be influenced by possible effects of other strains. A repeatedly doubtful result was considered negative.
Acid production from carbohydrates. Production of acid from four carbohydrates was tested using the medium of Board & Holding (1960). The carbohydrates were sterilized separately by Seitz-filtration and added at a concentration of 0.3 %. The basal medium chosen contained no peptone so false negative results due to ammonia production were avoided. The semi-soft agar was stab-inoculated and incubated for 6 weeks. Observations of acid production were made at weekly intervals and a control tube with no added carbohydrate was included to confirm growth and absence of pH change.
Acid production wits also tested in a single peptone-containing medium. Triple Sugar Iron agar (TSI; Difco) was selected for this purpose and pH change was recorded after 24 h incubation.
Determination of base ratios. To provide a check on the clusterings obtained by computer analysis, four representative aquatic acinetobacters were chosen for base ratio determinations. A reference strain (Escherichia coli 0127:BS 4173 from the Public Health Laboratory, Toronto) with a molar percentage guanine plus cytosine (% G + C) of 50-5 was included.
DNA was isolated using the standard method of Marmur (1961) and its concentration measured by Stumpf's (1952) method using calf thymus DNA at ~o o o , u g m l -~ as the standard. The % G + C was determined for each strain from its denaturation temperature Coding of data. Many characteristics were of the presence/absence type and were simply coded by the two-state method. Properties existing in several quantitatively different states, such as fermentation of arabinose, were coded as quantitative multistate characters (Sneath & Sokal, 1973) . The qualitative multistate coding method (Sneath & Sokal, 1973 ) was employed for characteristics, such as colonial morphology, having several qualitatively different states. The symbol NC (no comparison) was used to replace missing or inapplicable data.
Tests whose results were found not to be reproducible or useful, e.g. all strains were Gramnegative, were omitted from the analysis.
The association coefficient chosen was the simple matching coefficient (&) of Sokal & Michener ( I 958), allowing the inclusion of negative matches.
Strains were clustered by the unweighted pair-group method of association (Sokal & Michener, 1958) and the data output presented as a phenogram.
RESULTS
Arrangement of strains into phenons
The results are represented diagrammatically in the phenogram in Fig. I . At the 70 % similarity level all but 27 strains were grouped into two major clusters designated phenons I and 2. The first phenon encompassed 87 strains and the second 204.
Comparison of phenons I and 2
The 291 isolates in these two clusters were considered true acinetobacters as they shared the characteristics necessary for inclusion in this genus (Henriksen, I973), i.e. Gram-negative with a tendency to resist decolorization; coccoid to coccobacillary cellular morphology; no oxidase activity; non-motile; and strict aerobiosis. Other features common to at least 95 % of the strains are listed in Table 4 .
Although the two phenons shared many properties, salient differences responsible for the sharp division above the 71 % similarity level were found. Members of phenon I generally had larger coccobacillary cells, approximately 0.7 to 0.9 pm by 0.9 to 1.2 pm, and were usually arranged in pairs. In contrast, most strains belonging to phenon 2 had a smaller cell size with morphology ranging from coccoid, with a diameter of 0.6 pm, to coccobacillary, 0.7 by 0.9 pm, generally arranged singly. Over half of the isolates in phenon I produced a diffusible light brown pigment after 24 h of growth on TSA. The tests in which the majority of phenon 2 strains gave positive results, while most of the phenon I strains gave negative results, included growth at 37 "C, growth at an initial pH of 11.6, tolerance to 3.0 % (w/v) NaCl, fermentation of glucose and arabinose, and alkalinization of Simmons Citrate Agar. Much wider nutritional spectra were observed among strains belonging to phenon 2. In every case, a higher proportion of phenon 2 isolates could utilize each of the 17 carbon sources tested. In particular, over 75 % of phenon 2 strains could utilize n-butanol, acetate, n-butyric acid and/or proline, whereas less than 30 % of phenon I strains could utilize any of these compounds. Many of the physiological and biochemical differences reflected the distribution of the isolates according to their source: 21 of the 26 clinical isolates were included in phenon 2 while the first phenon was almost entirely aquatic in origin, containing none of the clinical isolates. Table 5 lists the % G + C ratios obtained for four aquatic isolates, in addition to results for several reference strains as determined by other workers. The ratios ranged from 41 to 46 % for phenons I and 2 , but were much higher for two of the ungrouped strains. Phenon I strains appeared to have slightly higher % G + C ratios than phenon 2 but more base ratio determinations would be needed to establish this. A definite separation between the two phenons was indicated while, at the same time, the shared characteristics warranted their inclusion in the genus Acinetobacter.
Phenon I
At the 76.5 % level of similarity, all but two of the strains in phenon I could be divided into three smaller clusters, termed ' subphenons' a, b and c (Fig. I) . Subphenon I a members were distinguished by the production of a diffusible brown pigment. Most isolates in subphenon IC, unlike other phenon I isolates, were able to tolerate 0.1 % sodium lauryl sulphate, and could utilize only a narrow range of organic compounds as sole carbon source. Subphenon I b was characterized by a marked nutritional versatility.
Among the 87 members of phenon I were four reference strains, 82 aquatic isolates and the one hen manure isolate. The reference strains were Achromobacter venenosum N C I B~O~~, This second major group contained 204 strains all linked at similarity levels of 71.4 % or above. When clusters forming at the 753 % level were demarcated, a substructure similar to that in phenon I was observed (Fig. I ). Subphenons 2 a and 2 b showed internal similarities of 75-6 % or greater while 2c was more cohesive, clustering at a similarity level of 79.0 %.
One strain could not be included in any subphenon since it joined subphenon 2 a at a level of 72.2 %.
A few features differentiated these smaller clusters in phenon 2. Subphenons 2b and 2c, being much smaller than 28, showed coccobacillary cellular morphology while, as a group, phenon 2 exhibited predominantly coccoid morphology. The general lack of acid production from arabinose and lactose, and positive lecithinase production also distinguished subphenon 2 a. Greater nutritional versatility and a narrower pH range for growth (5.6 to I I -0) marked 2 b. The nine isolates in subphenon 2c had narrower nutritional spectra than most other phenon 2 members.
The 204 isolates in the second phenon comprised 170 aquatic strains. 21 clinical isolates and 13 reference strains. Fig. I shows the reference and clinical strains according to subphenon.
Ungrouped strains The 27 isolates excluded from phenons I and 2 comprised a heterogeneous selection o f organisms representing a variety of genera. None of these strains fulfilled the diagnostic criteria previously listed for the genus Acinetobacter.
Among the 27 strains were 18 aquatic isolates, four reference strains and five clinical isolates. Most of the aquatic bacteria were oxidase-positive and probably belonged to the genus Moraxella. Two of the clinical isolates, Mima polymorpha var. oxidans and Neisseria catarrhalis, as well as the four reference strains, were also oxidase-positive. Base ratios published for the Alc. faecalis and Ps. alcaligenes strains ( Numerical analysis of the 3 I 8 strains characterized has revealed two major phenetic groups within the genus Acinetobacter. Although there has been little general accordance on the taxonomy of this genus, the currently accepted classification groups all Acinetobacter strains into one species, calcoaceticus. To our knowledge, there has been no comprehensive numerical characterization of acinetobacters isolated from the environment ; consequently it may well be that the existence of a valid second species, analogous to phenon I , has been overlooked.
The concept of two groups within this genus supports the observations of Baumann et al. proposed. Group B also tended to have higher G + C ratios than group A, again supported by preliminary data for the corresponding clusters in the present study (Table 5 ). The subphenons delimited within both phenons probably represent biotypes within the genus Acinetobacter although it is interesting to note that 10 of the Acinetobacter anitratum strains were classified in phenon 2 b and six of the Mimapolymorpha isolates into phenon 2c, suggesting that these subphenons may denote previously recognized species.
The exclusion of the oxidase-positive organisms from both phenons, and the variety of genera classified into phenons I and 2, support transformation studies by Juni (1972) . He found that auxotrophic mutants of Aci. calcoaceticus could be transformed by 265 oxidasenegative strains labelled Acinetobacter, Achromobacter, Alcaligenes, Bacterium, Diplococcus, Herellea, Mima, Moraxella and Neisseria. These names were concluded to be synonymous for a number of Acinetobacter biotypes with % G + C values ranging from 40.0 to 46-8. On the other hand, DNA from oxidase-positive Neisseria, Moraxella, Pseudomonas and Alcaligenes could not transform the recipient, indicating no relationship in this transformation system (Juni, 1972; Brooks & Sodeman, 1974) .
Additional genetic studies are required to confirm the phenetic separation observed between phenons I and 2. The possible correlation between phenon and source of organisms should also be further investigated. Our findings indicate that this heterogeneous genus merits the addition of a second species to include the less reactive aquatic isolates. An appropriate species name may be Acinetobacter lwufi.
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